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olE(Kainate) ^-§-^1 ^ 1S,3R-ACPD ^-§-1- ^H^-^Jlcf [Craig 

CR, Stitzel RE, Modern Phramacology with clinical applications, 293-302, 



1997] . 



f 



f 7[5}2 i^lif^ tixl^ol ATP7[ t^lf o1 oli|S^ 

U4-^o| ?s|/jJoJ oilH^lijol vibif SoJiol o|-&|5o| U 



CB * scyrsGj I5E * yjocieuu fc,fJi.sujsco i oS?^ /a i c jj ciiuicsr; sil:>l:> j i ca c x oiJ3 • 303— 303 ' 

oj -^CK^EJ ! ->i=r-@-«IJ ^ TS'315-VCfc.D -g- vlj cHj ^^l-«J-^d ^-g— 6^ r-J- rSij crj- C C «- » ! « 
:^oJj=i-- ^-xb-ir>cHj cj j=:5=- ^"S" vr::ih^J ^ ^ -@- =*JJ ' MWDV'^ ^IJ * Vyifc>V^-8-^JJ * ^j-oJrMJ 

K >B->^jJ 45- k9 1 



f ft 



oxide) -B-e^E^-i^^ A]7]4aree radical scavenger), M-Bf-^fl^ ^^1^], 

-=-s£^.oi]olE '^^^^^f. ^(acidosis). ^I:^!^^ (hypothermia) . 

^#^11^ ^'^^^K potassium channel act ivators)-f-^ 7]\^o] a1£.£]ji oIc]. 

NMDA i^^l-«a^(dozocyilpin) (MK 801), ^iit^Cselfotel ) . 4 

efl:±:Eflole(cerestat), ^^BS.Di]#^(dextrometorfan) ^^1 Sl^M-, <=>] 

^c^^^, 7.]^<^:^]$] ^2}., l-3fl^. ^^^^^(nystagmus). ^^m^^- ^ 
* -H-^^^M. Jl-g-^-^-S. ^<:^Al ^^i-(paranoia), ^^^^'y 

^v^^ M-HfsWcf. AMPA 7^%V^lo| ;g o. f^x7> 7fl^^slSJ^M- ^2^"^!: ^^^^-^^2] -i- 

^^^^ s]^ ^-^^(excitotoxicity)^ ^S. ^Hefl^ 

^' si- amyotrophic lateral sclerosis) 'tl^ ^^(neurodegenerat i ve 

disorders)^ ^-8: '^sl^^ ^^Hfl» o.«ve>^c-ll ^^t!" t!:i=i-:a ^^rs^^ 

[Haloween. B. , Reactive oxygen species and the central nervous system. J. 
Neurocheni. 59, 1609-1623, 1992; Coyle. J. T. ^ Puttfarcken, P.. Oxidative 
stress, glutamate, and neurodegenerative disorders. Science 262, 689-695, 
1993; Olanow, C. W. , A radical hypothesis for neurodegenerat ion. trends 
Neurosci. 16. 439-444, 1993]. ^^3] <g^o]) s^s]-^ Ai\IPA ^-g-^fl^- '^l ^ 

o}^ f^^*)- <^^^ ^ ^ oic^ji ;mAl£l<>l oicf AMPA ^-§-^11^1 
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Tt^Cbasal forebrain cholinergic neurons: BFCNs)ofl 'Jd^^^S. ^'^g^^S.'^i, 
AMPA o1-§-*H "^^^VoH*^ ^l^^l 7)1^-8- Als.^ ^ oj^^ TflAl^Vjl 

Ai^[Weiss, J. H. et al.. Basal forebrain cholinergic neurons are selectively 
vulnerable to AMPA/kainate receptor-mediated neurotoxicity. Neuroscience 60, 
659-664] . 

^^^fl^^ ^]^^ ^Itifl^H 'i:^^^!^ ^^>^-ll5L^ 

%1-^J-^^2f ^1^3^ -B-'?^^^ (synaptic past ici ty)* -^-^1 ^rV^cll ^c^^j-Jl ^x:\. i£t!: 

#^^^7jlS] Sje^-^^ ^^(neurodegenerative disorders)^ "flS. 71^2]- 
oi.7,i7l^o^ 7^-S}% -r'dlrtlrcf. #^1. ^1°H^ jl^s}- Aj-slfi^ ^cflt!: ^ 

El- ^^'-^^V-i-l- * ^ Sicf. ^5. 5l]D>(hippocampus)7> ^o] ^^^S\o] oijr o]^ 
H^l ^^o^ ^^sq- ^^^V ^^A^o] oit:|. o1.>h]^§ 

^ oil^Efle|-;H] ^;*ll^l( acetyl Choline esterase inhibi tor b^o\ o^-fl^^^ *^<J= 

28-5 



^ H^'a-* 9X^ ^^91%^ ^M]S. ^S-S.^- ^7]^^ o.^^^ 

^ tfltl- -2-^ <?1^ ^4. '^•ll^ ^#-i-<^l ^^^15L cilro^ 7]^^ 

-^01 o.^^v 5121-1. ^^^sVji ^ ^^^4r 

^ "ir^fil S^^^l- cflsl-c^ 0.5 - 50 

^11^(Asiasari Radix)^ ^-^el ^{Asiasaruni sieboJdi F. MAEJCAWA), 
■g-C.'is/asan///; heterotropoicles F. MAEICAWA var., Asiasarum seoulensis F. 

3.^^o^S.^^ 7.]^ 3~ 5„,niOl ^^-^-ijS] Dl-cl^ e^^] ^o] 5~ 20cm s^s]?} 

^ '^l^-H-Tll-^Cmethyleugenol), «>M>€?fl€-(asaryketone) , 

^l^il^Ccineol). >>>H.*(saf role) , H^S.'ijK 1 imonene) . -^7']-oV(eucarvone) 
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al^Cacid amide). (-) o>Al-Elid(asarinin) f-^ el^Vf. «M<^>';l(higenamine: ^j- 

^-e-a- ^-i-. ^^n. t^^^ ^ oiix ^^^5. ^^^jl ^ 

-Pr^l-i-Dfll- 7}t}jL 5 ^H^l 80S. «l-%^^^V7ll^ 30 i-D^l 555.ofl>«-i 15€ ^fl^l 48^1 
^, uV^v^^isl-Tll^ 30^ vH^] 12 A] ^ -g-oV ^#sl-o^ "y^cf. 
:?}-<a-^^Al^ ^'^^^Efl,?. ovs. 014 

1:0.2- 1.5^ '^^S- s]-^ ti].^vais>4. 
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€^-§-°ll^ ^^alfe 1:0.1- ^^S. t}^ ^o] al.^^5>cf. 

* ^^-§-°Hi ^^-^1- t^ifi:^^ ^ 

^ 4 -a ^#1-^ 3£^*>^ ^-^^ «<J-'^<^1 ^^tb ^ 

all-, ^l-'^^e]!-. oflel^ell-. -^^E^-g-. o}f].^,]o\ ji^, o^v^,] u]) o] e , 
l-e^al'd nM«]:^^AliJfl^ollo]B, = ^ A] 1^)13: olio] 

^ 51 -^M-, 0.1 t-fl^] 500iiig/Kg2^ 1 if-a^^ ^ oicf. 4 

<d ^#1: ^ ^^1-2^1 ^<>1%=^ ^"^^ ^^t. ^flf^. ^^^If-^^l 4 
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s. ^ 7]<^^ #^-g- ot;^]. ^ -i-s -^oii r:^'>^t}7]] oj-g-^.^ oic^ 

^il^ 250g€- ^il^^sj-o^ ^^^i ^l-^ll- ol^€r>o^ 80% ^l^V^ (750 m\)S. 3Sl 
^^^cf. ^^^o. cxjj!).*]- ^ 2^;^^^:^^ 7] (rotary evaporator)* <^l-§-s><^-l 
<a- ^^*>^. -S-^^^iai^Vt^l-C^^ 1). -^^^iS^ nfl^^ ^#1- iOg# -?r7l 
-§-0)1^ ^^e>7l ^sfo^ 200 ml Si # (4:l)<^] ^ 2M ^'tt-^.S. pH 3-2. 

2), l-#-8: ^^S)-^J-S.-H-(NH40H)-^S. pH 10^^ 2i^^ ^ 

SI #S.S3L1-: ^\^^ (3:1)^ 22] #S.S-5L#: t^ll]:^ (3:1)<^1 # 

•8: ^^^a--^^ ^ ^^^i^^c^. (^^ 3). ^^'a-^^tl: ^ oil ^#5. 
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^]^-^%' 4)2f l-f^ 5)^ ^ ^^?i2:*H ^i^s >^]-g-t!-cf. 

^^<^1 1. nejih ^ A] -^(Grease Gap assay) 

H_flA-1 cflirlsl^s] "^fl^l (Wedges)"* ^ a.Efloi Mi]>r(two 

compartment brain bath)<^l ^^]^ ^ ^]^-%: [Harrison NL, Simmonds, 

MA, Quantitative studies on some antagonists of N-methyl D-aspartate in 
slices of rat cerebral cortex. Br. J. Pharmacol. 84, 381-391]. 

HI- ^^^1 ^^<H ^^^711- o]j%.t}c^ 2-3 mm* ^]7]t}jL 

^1 n^^^S. 500-600 um -^^1^^ ^^(coronal section)* 

s><^ ^s^^ «fl^l (oxygenated Krebs medium)<Hl ^Sr ^ ^jf^-^d* ^ 

^^S. 2f-^sr>jl ^ ^(corpus collasum)* i^^s]-^ cflH^^^o] 1.5 

mmolZL 1 mm^ ^1^1* ^]2it}$X^}. ^J-^ofl^ ^Vs}-^ a^^riiufl^.] bfl 2^]^^ 

^ ^fl^l-i-* ^ T^^^ w.efl<y «tl^(t\vo compartment brain chamber)^!! Jl"^ 

ZL^^ihigh vacuum silicone grease)* ^^a>o1s. ^^l^Vcf. 

S--^ 1^^ 2mlSl a^rfiM)];^!* ^t^^mcf. ^fl^ (AR : 

1)^ cfllrlTq^^O] ^^Oll 10 Ug/ml^l -^£5. 30^^011 DlS] Al^Vsj-Jl, 

^^■^J o].D]i:.A]-ol AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazole proprionic 
acid) (40uM)» 20^^ ^<^*>«H ^ ^^Aj-ols^ d.c. ^^* Ag/AgCl. 
<^ ^^t\jL oil- #^7l (amplifier)* ^ "A^^ 

5£3)-Al^Efl(McLab Data Acquisition System)* ^l-g-sl-c^ 
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mPAo\] (depolarization)^^^^ ^^Hl 

^tb ^S-S. ^^S\o]:^]3i $}t^, ^^^2). AMPA 40 uM^ tieflol 

«ll^(two compartment brain bath)*^! £. lA^^^ w>i4 0.6 mV 

^ ^^^<^] -B-SS]^ ^^]^ ^##(AR) (10 ug/mD* ^^1e]*>ji AMPA# ^ 
<^^1-'^ ^^i7l- #ol^j7 01^^ M-EfvfljiL sacl- (S. IB). 

^^<^1 2. ^S. >^<S€^-i: (MTT assay) 

MTT ^4^diiL4i(dehydrogenase)^ w]'^-^^^^*!-'^ 

^^^sl-^ 'fJ-^O-S. DlS.^.E.2:io> >a:SV^^^^(mitochondrial redox potentiaDM- 
M]S. ^S^-t-i: ""QloyM-y] ^t]{ ^S. ±:<ycf(Mosmann et al . 1983). 

^^<^l^i^ '^^o}ii7] o^tW yJ^yJ^ cf^ 

1-0] ^7>^ wfl<y=^.^S. >^flSoil MTT Aloi:(sign,a, USA) ; 3-[4,5-^^^^<^\ 

#-2-*^] -2.5-^^4^ EflEE>^el^ ^S.D>ol^(3-[4.5-dimethylthiazol-2-yl]-2,5- 
diphenyl tetrazolium bromide)-!- PBS(phosphate -buffered saline)<=>ll 5 nig/ini'-S 
^ I mg/mi^ ^^S.m : 100 ^W'^i^'^A + 25 5 iiig/mC 

MTT) ^7V5l-Jl 37 1C<H1>H 2Al:<0- Hfloj§|.ojcf . o]^ ^^t}^ x3]s.^^BJio\ 

1- 7]-^ ^fl^L^ EflB.2}#JM-g- JlBlCtetrazoliimi ring)* ^«l]s]-<^ 

u-AHo^ i5o>^(formazan)* ^S^^t}B.S., o]^ ^^^^M^] 
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(extract ion buffer: 50% N.N-c^ofl^isofo] ^ (j^ N-din^ethy, 
formamide)<^l SDS(sodium dodecyl sulfate)* 20 %w/v7> s\S^^■ 37 X:^]^^ ^ 
pH 4.7S. ^^^^nf.) 100 ^7}^}J1 37'C<^]^] 20^]^^9}: afl*?i=t!: ^ 570 nm«^l 

^^£1- #;^^sV5^cf. o]v]\6\] cfls^Cblank)^^^ ^#^^^l(extraction 
buffer)* Al-g-sl-^Jl. ^^^9] ^^£oil cfltt ^^^^ l^^^^S* %M]S. ^S^-^ 

^^^4 £ 2<HlA-]sq- ^o] NGF ^-ISlS ^^^^-fliS. -^--£^1^ PC12 Afl 

i<^lH AMPA (40 uM)^ ^^sVi^ 50%^^^S] M]S.7} ^J:^ ^^]^^%% 

(AR : 1) (10 ug/nil)# § ^J^-i"^ 90 %<5Hi--2-S. ^j^^j 

7]zL $ic)-. £ ^^-^i^^i 1^ 2, 3. 4. 5* 

Aj^tl: ^^1- ^S] 47> ^^i^Ml AMPA^ll 21 ^d^^ilS ^^cJ"* "^^1%^* '^^^VSicf. 

^V^. £ 4<^lAiS>|- ^o] jnxilio] C6 ol-j57/^)i(C6 glial celD^l ^4- AMPA 
(40 uM)-i: ^^21^1-^ ^1= 35%^1 ^7\]^]^ >^-fl^ ^#1-(AR : ^^ 

;=g o. ^^i^o] A^^^o] oi 10% Sj^Sjjl oinf. ZnCla^ >^-llS.vflol) a-] o.^ s.} 

cl^^ A^iA^Al?:! A-llS^-^i-i- ^^S-M, i 5ofl^-l2|- ^o] ZnCh (100 uM)^ 

^Ul^l-"^ C6 ol-jsL^itofl ^^^o] ^Aj.^ ;^o.^ 1^ «^ 2, 3. ^ 

^ 4, 5* ^1^*1- 1^ ZnCl2«Hl alt!: ^'^V-i- 100% Si 4^1^ 

cflS^S] AjEflfi]- -^AVsVTfl Afl5L2l ^S^^-ir ^5iJ2-t^. 4^ ZnCl2<Hl 



28-12 



3. A]-^ (NaNOzassay) 

1) NaNOo-^l ^a-^^cflA} ^^il- ^ «l-^u2)- ^^Sl^ ^^A^ Ai 

^^S. ?J:^c.l SicfJl 91^ [Schindler-^, Nootropic drugs: 

Animal models for studying effects on cognition. Drug Develop Res 4: 567-576, 
1984] . 

-§-^^^i^?] (20 g) oil ^l^d (^^ 100 mg/kg, i.p.S. ^<^sr>ji 60 

^ ^ofl. NaNO:. -1 250 mg/kg, s.c.S. ^^}^}J1 ^^^1 ^^^1%^ «]1^>^]^ ^1^^ ^■ 

NaN02<>11 t}]A].(oxidative metabol ism)^>'^llsq- l-^^^^J^^ 

51-M-S. L>-1^^ -"r sac:)-. 

Aj^oi] alsl-c^ ^fl^d ^##(100 mg/kg. i.p.)* 25%^^ ^7\%: 

AflAiofl alt!: 7]o^^ ^7]-Jl:b1-7> o;^ -§--§: ^4. 
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n^-^ AR (^^1)^ -fr7l-g-oil» ol-g.^>o^ D] ^^^H 

^12:^ 2. 3. 4. 51- 100 mg/kg, i.p.S. D>-fioil -f-o^«>jL, 

4^71*1: NaNOa 7l^Al^^ ^1*5*1- ^iif 4^ s]^^ tHjE}:^ ^ 

-fr^Vtb 7l<5^#^J:2l-l- 2^ 7KV 7^1-^ «). 7l«^^ ^^Jl^ 

(50% #7»1- M-Bfvfl^cfCS 7). St!- ^o^7lt!: ^^<^1 ^i^^^S. Jl21-7> ^^^]» 
^^2* 10 mg/kg^%=-9.S. 2^1^ ^ NaNOa » ^^^]r 

^_^ol T^^o^ ^ itl] 77}7]^ ^^j*V '^flS^'^l al^V^ 50%21 7l<>i^ 

f^7]-J:5ifl- ^-l^^V^cfCH 8). 

2) NaNO, 7l^Al-^oilA^ ^^Itl: 71^?^ JL^I-I- 21- ol-g-^rl-cx^ . 

y]q^^ -.^ ^3}.o.^^ av-gpi o|g|.o^ 8«J-*ot wj-^l- ^IS (8 arm radial 
maze) 71^a1^^ '^l^S^f^i^ [Ikonen S. Riekkinen Jr. P, Effects of apamin on 
memory processing of hippocampal-lesioned mice. European Journal of 
Pharmacology 382: 151-156. 1999). 

f^'y-^^^ 20cmolol ^o] 25cm, ^o] 15cm, ^■ Qcm^] arm 87]lS. 

^ nisi AV^sl-^tq-. X\^^ 3<a^ nil 'a 5^-5^ ">-f^l- 

^1^7l:L>f'oll^ 8711 Si arm^ 47^1 eioli- -^SJo.d^, ^°Vi^V -¥-^^5. 4 

7lP^ ^l^i^j-^cl-. A]^^ 47)1^1 Q^ol .S-^7}-.5i*l7W IS^^V^l^V ^^^^}3X^. ^ 
«i> 7l<^ (working memory error)^ ^«>ll -t^^ arm-i- i:+a1 7]-^ ^S] 
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%,2:7]<^^^ (reference memory error)^ ^c>1» -^^1 arm^ ^^-l-^S 

7}^ ^S]t}<^x:^. 21- m mg/kg-i- ^^^<:^ 3"^^ 

%2i7]<^^^^ 58% ^^:tS>^Cf. D^O] 47)11- a.^ ^^^^^ cfl2:^o] 

20 g ICR 251^1-ell- 23 °C , ^l-cH^c 50%, ^50- 300 

^. 

^X\<^]d\]A] A|A] 1)^ 0.1 % H-adween) 80o11 ^91 ^, 5 

ZL^o] v}o.^o\] z^z)r 100, 1000. 3000. 5000 ^ 10000 mg/kg2^ -§-%=^S. is) '4^ 

zLe^ji 7<U^^ ^I^^I-^It^^ *fl-^e>ji ^<L>-5-5. ufl-^ ^j-7]-I- ^A]-^]-5^cV. 

1)^ LD50 si: -a- 3,400 mg/kgo.5. i-l-Ej-^dcf . 

^]%<^] 1 
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1. 

^^s] ;g 



500.0 mg 
500.0 mg 
5.0 mg 
1.0 mg 



2. ^4 

>^fl<d i^lfi-^ ^##^1 50.0 mg 

-8-^ 50.0 mg 

^3. 0.5 mg 

D> ZL uil # il^EfloVEflolB 0.1 mg 

3. 

'^^l^ °flf}-^ DllEV^ 50.0 mg 

50.0 mg 
0.5 mg 

o>ZLu|]^ i^iEfloVeflolH 0.1 mg 
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^^]^ ^#1-* i^s^Vfe M]^^^^^ ^M]^^ 

}^ 7]'^^o] ^;i*>^ ^}^^]7\] ^■%-^}7\] ^v-g.^^ oxv^. 
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i^^^^ 11 

5£^5>fe ^^S. ^ 7l^^ ^^-§- 

^1 ^'H^i, ^-iKO^t^l-ol ^^fl 2:>^^l-oll c}]*>c^ 0.5-50 

^1 si<H^i. ^M^. ft^^ 1 ^^1 

41 

^#1-* ^^-g-°H] ^•^l ^ ^J^S. pH 2~ 4S 2:^^]: ^ -§-^5^ # 

I^^^J- 51 

61 
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[^^*^ 8] 

^1 l^H] 5Z<H^^. -a:^!. ^^^1. «=>11^^. ^1^. <^lo1S^ ^ 

5. ^^dl-. 
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AMPA AR + AMPA 




AM PA AR<- AMPA 
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PC 12 

0.35 r 




AMPA AR+AMPA AR 
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31 



PC 12 ^S. 

0.3 I 




TflM AMPA ^^2 3 4 5 2 3 4 5 
+AMPA +AMPA +AMPA +AMPA 
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l£ 4) 



C6 <>>JiLAl]jE. 
0.4 I 




tfl2:S AMPA AR+AMPA AR 
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is. 51 



C6 <il-ja^aE. 

^ al i I i i I il 

tflSS Zn ^^2 ^^3 ^^4 

+Zn +Zn +Zn +Zn +Zn 



28-24 




28-25 



NaN02 7l^Al-^ 



40 

30 

^ 20 

10 

'FT 

0 



i I i 1 1 

2 ^^3 ^^4 ^^5 
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8] 



NaN0»7l^Al^ 
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[S. 91 



«j^A> u]^ 7]^ 





:^ 2 



2 
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